010315-179 



1 



PJ6D25US.AOI, (Pt3402SE), BA, 12/5/01 



TITLE 

S AN AmiSNNA ABIUNGEMENT and A COMMUNICATION AlUIANCEMENT COMFRISINC THE 
SAME 

TECHNICAL FIELD OF THE INVENTION 

1 0 The preswt invei^on rebtes to a leflective aotmna mangement, specially an antenna 

mmem^t Crompmmg ^ con^sting of a dielectric material and a second yeflective 

layer* 

Tbe invention also concerns a communication aixangm^ conqmsing said antenna 
IS arrangw^ 

BACKGROUND OF THE INVENTION 

In US 4»353,069, an absoxptive coating far reducti<Hi of the reflective cross section of a metallic 
20 sur&ce is provided which includes a layer of **N^ doped material adjacent the metal surfi^, the 
N doped material having a charactmstic of increasing smiiconductor conductivity fiom the 
outboard sur£»^ junction of tbe material to the boundaiy of the m^lic sur&ce, a second layer 
of doped material having a dmracteristic of increasing semiconductor conductivity from i^ 
outboard surfiice boundary to its junction with the N doped material inboard of it. In the 
25 piefened embodiment, a third layer of P material is placed outboard of the second layer, Tbe 
fust and second layers further have electrical connectiws operattvely associated with th«n» so 
iSbai an ^lied volt^e may be uttUzed to vary Ihe electrical charactmstics of the coatmg. 
The invmtion uses semiconductor p-n junction to control its resistivity under the applied 
electric signal (e*g« DC bias). 

30 

Disadvantages with tbe puipoaed solutiim are: 
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• For large areas of the antetma, the bias cuxreats may be intolerably high 

« Iho thickness required foaduevement of substmti^ (linch) 
&r luactical ^E^Ucations, especially in onboard and/or lai^e antennas 

• The speed of changing the resistivity of the absorption layar is extremely small due to the 
5 extremely smaUthicbiessofthep-njuiiction and hence its extremely lar^^ 

• The ant^ma is useful for controllable absorption only. The reflected power levels are small. 
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Iju German Patent Application No. DE 43 32 042» an interferenee type electrically controllable 
reflector antemm is disclosed, which is based on an electrochemical cell with tranq;>arent 
conducting plates servir^; as mirrors fi>r Fabry-Perot resonator This antenna is of reflective 
type, where the reflection coefficient is enhances due to flie interferences in the Fabry-Perot 
etalon, whm the distance b^een the minors is chosen to be at opmtion fiequency, t 



Xg is the wavelength in the Fabry-Perot etalon: ^ "^^f — 



. where e is the dielectric constant 



inside the etalon. 



30 



Disadvantages with the proposed solution axe: 

• The antenna is an absorptive type device^ sribsxe the resistivity, hence the reflection and 
transmission coefficients are controlled due to the electrical control of the resistivity inside 
the Fabry-Perot etalon (Resonator). Due to the inherent resonant nature of the Pabxy-Perot 
etalon ^ antenna is nanow band, and may produce control only the amplitude of the 
transmitted or reflected electromagnetic waves. 

p This device is inherently low speed due to the Red-Ox-Reaction used in the device for 
controUiAg the resisitvity* 

• The magnitude of the control (leakage) is large* efi|)ecially for large area antennas. 

00^ refle(^veant«Emas are known: £P 232 Oil Ibr^cample^disckisesatrdn^KHider^which 
receives signals fiom a reader, modulates th^ and reflects them back to a reader to pass the 
mformation contained in the transponder to the reader. First conductive material is disposed on 
the first surface of the dielectric m^ber at a first end of the member. Second ccmductive 
matmal on ttie second opposite sur£ice of the dielectric monber at the second end of the 
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member defines a dipole with the first material. The second material is piefeiably triangular in 
configuration* An elecirical circuitiy on the dielectric membor produGcs reflected signals 
nvxtulated at a particular fiequency fiwi tl^ 

information contamed in the tnmspond^ to the reader. The dipole is electrically coupled with 
5 the conductive material and enhances an impedance match between the dipole and electrical 
circuitiy. The conductive material has a first low impedance p<»1ion split into two parts 
connected in parallel to provide an extended effective lesigth in a relatively small distance, and 
has a second portion, preferably a >igtatr, of substantiaUy higher impedance than the first 
portion connected in series with the first portion. The first portion converts the antenna 
10 impedance to a low value and fee second portion converts the low impedance to the ing>edance 
of the dectrical circuitry module* 

A system for discovering objects of different kinds, for fin<Ung victims of avalanches* ship 
wreckage etc*, for warning of risky actiotts etc., consisting of a transmitter and a transponder is 

1 5 di sclosed in WO 92/09906* A signal emitted &am the transmitter is reflected 1^ the transponder 
in the form of an overtone of the emitted signal* The transpcmder, wfaidi can be double^ded 
with a reflector in-between, consists of an antenna with one or sev^ s^conductors» a 
reflector and an int^ening dielectricum dimensioned to give the reflected ouQ>ut signal 
maximum strength* The dielectricum can be an integral part of an article of clothing or an 

20 object 

SUMMARY OF THE INVENTION 

The main dbj ect of the preset invmtion is to provide a reflector antenna, prefiH:ably an 

25 controllable reilectcnr antenna, whid^ 

is based on low toss dielectric materials providing not only niagnitude, but also 

phase/polarization control of the reflected signals with minimum absorption of flie 
etectxomagnetic waves (i.e. low loss r^ective antenna), 

has small awiudiing (cmitiol) time, which allows high-speed modulation of the reflected 
30 power, and hence possibility to provide a useful signal (information) on top of the 

reflected si^aals. 
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due lo fhe good didectric properties the cmtzol ^ 

wbich is desired Sac remote mtauias, and anttnmas q^eratiiig without maintenance and 
pow^ supply fi)r longer p^iod of time. 

S Yet another object of the invention is to pfovide a ccnnmunication arrangement employing an 
antenna according to tJ^ invention. 

For these reasons, in the initially mentioned antenna airangement said dielectric mat^al has a 
variable dielectric constant- An electromagnetic radiation passing through said first layer and at 
10 least partly reflected by said secwd layer is modulated by varying said variable dielectric 
constant of said first lay^« 

Accordii^ to one aspect of &e invention ttie antenna arrangement further comprises a first 
electrode layer, a second electrode layer, a ftird toyer and a third electrode lay^. Said first layer 

IS is a plate made of an dectrically tunable dielectric material. The plate consists of one of 

ferroelectrics, ceramics* polymers or oystallines. The first and second electrode layers are made 
of a matenal traoq[>arent to said electromagnetic radiation, allowing the radiation to pass 
towards &e second layer. In one embodiment the first ^ secoiul electrode layers are arranged 
on opposite sides of said first lay^. In another endKHliment, the first and second electrode 

20 layers are arranged uaside said first layer- Thus, a modulation signal is ^plied to said first and 
second electrode layers to changes said variable dielectric characteristics of said first lay^. 
According to one embodiment said second la^ is a plate arranged as an electromagnetic 
radiation sensor. The second layer at one side is provided wifii said second layer being a non- 
tranqparent electrode layer and at an opposite side with said third electrode layer being a 

25 transparent electrode layer* The second layer has a larger thickness than said first and second 
electrode layers. Moreov^, the third layer consists of a semiconductor plate arranged with an 
Schottky barrier. Thus, said third layer is arranged to transform said incident dectromagnetic 
radiation mto low fiequency or DC electric signals» whidi are extracted ftom said second layer 
and third electrode layer. According to one said first electrode layer consists of conductive 

30 strips^ which reduces the capacitive coupling between the electrode layers. It is also possible to 
arrange said first and second dectrode layers consisting of grids of elecood^ compri^g thin 



010315-179 



5 

wiie eleetiodes imbedded in said fixst dielectric layer, which ofibrs reduced voltaic of the 
modttlatioB signal and ^naUer capadtance beXwwn electrodes. 

According to another aspect of the invention* said first layer is a didectric plate mechmucally 
5 attached to said second layer con^sting of a xnetalHc layer* The plate is sensitive to temperature 
and/or mechanical pressnre. It is possible to allow temperature variaticms vary said dielectric 
characteristics of said plate. Change of said cfielectrtc diaracteristics is exerted tbrous^ 
mechanical actuation* Applying alternating forces on said plate or a fiontal plate in 
communication with said plate could also produce the mechanical tension* 

10 

hi one meferied embodiment^ the antenna arrangemenl comprises a fiontal l^er» which is 
arranged to couple electromagnetic radtatiim into and out of said first layer, the frontal plate 

hasaOdcknessof — ^,whet« ^2 s^is the dielectric constant ofa said second layer (332» 
432, S32), and € I is the dielectric constant of said fixst layer, 

15 

The invention also relates to a communication arrangement fi>r receiving* modulating and 
trtosmitting electromagnetic radiatioa The arrangement comprises a communication module, a 
transmitt^/transceiver, and a receiver, said conmmnicatton module comprising an antenna 
arrangem<mt comprising a first layer comdsting of a dielectric material and a second reflective 

20 layer. The dielectric matcdal has a variable dielectric characteristics and an electromagnetic 
radiation passing through said first layer and at least partly reflected by said second layer is 
modulated by varying said variable didectric dtaracteristics of said first k 
signals fiom said electric module. The communicatsons module mainly comprises an electronic 
module* a mi<»owave sensor* said antenna arrangement and a power supply unit. The electrical 

2S unit is arranged to generate low fiequency modulation signals. The microwave sensor 

transforms an incoming electromagnetic radiation signal into low ftequency or DC electric 
signals and transmits the signds to fi)e electronic module. 

The invention also relates to a method of modulating an incident electromagnetic radiation in an 
30 antenna arrangement comprising a first hty»r consisting of a dielectric material and a second 
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reflective layer. The method con^rises the steps of arranging said dielectric material a 
variable dielectric cbaractmstics and modolatmg said elecoomagaetic tadtatimi passipg 
diFOttgb said first layer and at least partly htAng reflected by said second Uyer by varying said 
variable dielectric cbatacteristics of said first layer. 

S 

BRIEF DESCRIPXION OF THE DRAWINGS 
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In tbe following, the invention will be further described in a non-limiting way with refiarence to 
the accompanyir^ drawings, in which: 



Fig* 1 is a block diagram ofaconmiunicationaxrqngement according to file tn^^ 
Fig 2 illustrates » more detailed block diagram of tbe communication arrangement of Fig. 
1. 

Fig. 3 is a crossnseotion dnougb a section of an antenna arrang^ent, accoiding to a first 
IS embodiment of the invention. 

Fig. 4a is a cross-seciicm through a section of an antenna arrangement, according to a second 

embodiment of the invention. 
Fig. 4b tsafiontalcros^^-sectiontfaroas^iasecticmoftbeanteimaa]^^ 

Fig.4a, 

20 Fig. 5a is a cross-section through a part of a section of an antenna arrangement, according to 

a third embodiment of the invention. 
Fig. Sb is a fiontal cross-section tbrou^ a part of the antenna arrangement, according to Fig. 
Sa,and 

Fig. 6 is a cross^section throng a section of an antenna arrangement, according to a fourth 
25 embodiment of the invention. 



DETAILED DESCRIPTION OF THE EMBODIMENTS 



30 



A gmml eonc^t of a communications system 1 0, employing an arrangement accoiding to the 
invention is schematically illustrated in Fig. 1. The communications sysitim cc^nprises a 
communication module 20, a tran^ittet/transceivar 30, and a receiver 40, A microwave carrier 
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50 or otker electromagnetic radiation is transmitted &xn the (poweribl) transmitter/teceiver 30. 
The microwave canier can be modular or not modulated (Continues Wave» CW). A remote 
antenna unit (not shown) is in ccmmnoncation with ^ communications module 20. The 
ant^ma and ttse communication module do not contain microwave sources. Instead it uses &e 
incident microwave power, modulates it» and reflecis the microwave back to the original 
transmitterAeceivermoduteorto another recdvermodule(s)* The reflects can 

be amplitude and/or phase modulated. 



10 



IS 



The communicaticms module 20, as shown in Fig. 2> mainly comprises an electronic module 21, 
a miciowave sensor 22, an antenna 23 and a pow^ simply unit 24. The electrical unit 21 
contains stmsors, memory ete. , and it is ananged to generate low frequency modulation signals. 
Tl^ microwave smsor 22 txaosforms incoming microwave signals SO into low frequency or DC 
electric signals and transmits the signals to the electronic module 2 1 . The power siq>ply 24 can 
be an along life battery for a remote module or any othor suitable conventional power supply. 



The key compcment of the arrangement, acccttding to the invention, is the antenna. It allows 
ouidulation and reflection of the incident microwave power. It has high reflection and consumes 
small DC power to modulate the reflected microwave signals. 



20 One embodixnentofanaxitenna 330 according to the invention is iU^ 

ant^ma 330 consist of a first layer 331, a second layer 332, a first electrode layer 333, a second 
electrode layer 334, a third electrode layer 33S, a fourth electrode layer 336 and a fiontal layer 
337. 



25 



The first layer is a plate 331 arranged as a modulating plate and made of an electrically tunable 
dielectric material, such as ferroelectrics, ceramic, polymer or crystalline, e.g. BaTiOs. The 
dielectric constant of this material is alt^le (controlled) by an applied modulation signal, 
genmted in the electronic module 21. The first and second electrode layers 333 and 334, 
respectively, are made of a material transparent \o the microwave signals, e.g. conductive. 



30 semiconducting or metal layers, wifh a thicknes8<9 ^ 



1 



, where /is the electromagnetic 
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radiation fiequezicy, a is the conductivity cofistani of the layer, 
like moduktion sigsial fomi the electxoK^ 

layer is aplate 332 arranged as a microwave sensor. It is provided with a thick and to 

5 microwaves non-transparent electrode layer (fourth layer) 336 and a thin transparent electrode 
layer (third layer) 335. The third electrode lay«r may consist o£ e.g. or other conductive 
materiaL The tfiickness* i.e. the level of non-lransparency. of the third electrode layer 335 is 
lai^r than the thidosess of the electrode layers 333 and 334 and it reflects most of the 
miaowave pow^. Only a small portion of the power is transmitted through the tiiird electrode 

10 layer into the second layer 332, The second layer 332, which can ccmast of» e,g. a 

semiconductor plate with a Scfaotdcy barrier, transforms the miarowave signals into low 
fiequency or DC electric signals* wfaiob as extracted ftom terminals 339 connected to electtodes 
335 and 336, and applied to the electronic module 21* Upon appearance of an incident 
miwowave power, the generated signals activate the electronic module 21 , vfbkii generates 

1 5 modulation signals^ i.e* usefkil signals that are saved and/or generated in the electronic module 
to be used fiiv modulation of signals 51 transmitted hack. These signds a^ 
t^snals 338 connected to electrodes 333 and 334, resulting in the modulation of the dielectric 
constant in the plate 33L The modulation of the dialectic constant in plate 331 changes 
(modulates) the phase velocity of mi<TOwave signals, hi other words, the reflected microwave 

20 signal is phase (and/or amplitude) modulated according to the information to be transmitted. 

The additional fiontal layer 337 is a plate used for more efficient coupling of microwave signals 
m and out ofthe plate 331. The tbiclmess of the plate is --^,wh^ =^isthe 

dielectric constant of die plate 332, and 6t is the dielectric constant of the plate 331* 

25 

An alternate embodiment of an antenna 430, according to the invention, is illustrated in Figs. 4a 
and 4b, wherdn Pig. 4a is a section trough the antenna and Fig. 4b is a frontal view through 
layer 437. The similar tcS&^mse signs refi^ to same structural details as in Fig. 3. In this 
embodiment, the first electrode layer 433 consists of narrow conductive strips arratiged to 
30 reduce die capacitance between the electrode layers 433 and 434- Hmce^ the time ecmstant 
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T»RC of the antenna is decreased leading to increased opetation speeds* This design is prefened 
for hi^-s^eed qpmdicm of the antenna. 

Fig5.Sa and Sb show a fiirtb^ modification of the antenna, denoted 530. Fig« 5a is section 
5 through the antenna and Fig. Sb is a fiontal view along line through layer 537. The first and 
seccmd eleetcode layers consist of grids of electrode layers S33a-533c and 534a-534c 
conq[»rising thin wire electrodes inibedded in the dielec^ . This design offers 

reduced voltage of the modulation stgnaU and smaller capacitance between electrodes 533 and 
S34> which results in high op^adon speed. Fig. Sb illusOrates the electrode configuration in one 
10 of the electrode layers. Numb^ of such electrode layers can be more ttsan two* Fig. Sa ^ws an 
antenna 530 having three deetrode layers. 

Yet another embodinmil of an antenna 630 is illustrated in Fig* 6« which corresponds to a very 
simple design of tiie antenna. In this embodiment no electronic or electrical componwts are 

15 used in Ibe system* The antenna 630 comprises a dielectric plate 631. It is mechanicaUy 

attached to a m^lic layer 640* The plate 63 1 is sensitive to temperature, meduraical pressure 
(e. g. fenoelectrics) or othsr medbanical actuations etc. Changes in the temperature, for 
example, will result in change in the dielectric constant of the plate 63 1 . Additional change can 
be exexted» e*g. by means of mechanical tension, which ^ipears due to the difGerence in thermal 

20 expansicm coefficients of plate 631 and metal 640. Hie mechanical tensiim may also be 

produced by applyirig alternating forces 641 and/or 642 on the plates 63 1 or 637^ resq^ectively* 
The plate 637 is a coijpling transfcimeqr, as in the previous cases* Microwave signals entered m 
the plate 63 1 will be phase modulated in accordance with the cto 
raperienced by the plate 63 1 due to Use changes in the temperature or mechanical pressure* 

25 Modulated microwave signals will then be reflected Sma the metallic plate 640 and transmitted 
back, carrying ttie m o dulated infonnatioa 

The position of fte reflectmg layer is not limited to one &ce of the dielectric layer; it can also 
be placed inside the dielectric layer* 

30 

The antenna and the communication system according to the invention are particularly suitable 
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in sppUcsAooB in wbich the system cm cpetst/s without any or a special powor source. Sudi 
^plications may include: 

Wireless con^ut^ netwoxics in which the antenna is ai^ 
transceiver card inside (or in conununication with) the computer, 
5 - Part of base station transceiver in communicati^m netwodcs (cettolar/oon-cellnlar), 
Antenna anangement in a mobile station. 

Passive communication anangmmts, c*g* for railroads, ananged in the railroad tracks. 
Passive transponder for tracking objects. 
Etc. 

10 

Especially in a wireless communieatKm systCTi^ in which a base station is arranged to tranonit 
with a power, the communicatioa azrai^ancat according to the invention can be a part of the 
mobile station- Consequently, the need for a power source for transmissions in the mobile 
iV station can be reduced or eliminated. 

15 

The invention is not limited to the disck>sed embodimmts* It can be varied in a number of ways 
without departing from the scope of the i^ended claims, and the anangement and the method 
can be implem»ted in various ways dq>eiiding on appHcation, funeti^ 
requironents etc 
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